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- ABSTRACT

This paper summarizes the state of the art for in situ hydraulic conductivity iesting of
compacted clay secils. Nine methods of testing are reviewed: (1) the Boutwell permeameter; (2)
constant-head borehole permeameters such as the Guelph permeameter; (3) porous probes,
e.g., the BAT device; {4) open, single-ring infilirometers; (5) open, double-ring
infiltrometers; (6) closed, single-ring infiltrometers, (7) sealed, double-ring
infiltrometers; (8) the air-entry permeameter; and (9) lysimeter pans. Installation
procedures are given, equations for calculating hydraulic conductivity are presented,
simplifying assumptions are listed, and case histories are reviewed.

Each type of permeameier has advantages. The Boutwell permeameter is especially
convenient for measurement of the vertical and horizontal hydraulic conductivity. Borehole
permeameters and porous probes provide data relatively quickly but permeate a relatively
small volume of soil. Of the permeameters thal can permeate large volumes of soil, the sealed
double-ring infiltrometer and pan lysimeter are the most versatile,

INTRODUCTICN

Laboratory tests have been used extensively {o investigate the hydraulic conductivity of
compacted clay (Lambe, 1654 and 1958; Mitchell, Hooper, and Campanella, 1965; Boynton and
Daniel, 1985; and others). However, laboratory devices can only permeate relatively small
specimens of soil; in situ tesis offer the opporiunity to test larger, more representative
volumes of material and to include flow through secondary features, such as macropores,
fissures, and slickensides, in a manner that often cannot be simulated properly in small,
laboratory test specimens.

As shown in Fig. 1, in situ permeameters fall into four categories. Borehole and porous
probe -devices have been used exiensively {0 permeate naturally-occurring, clayey soils.
Infiltrometers and lysimeters have been routinely V‘instaned in relatively permeable,

agricultural soils. However, in sity permeameters have only recently been used in compacied
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clay soils, which are very difficult to test because of their low hydraulic conductivity,
incomplete safuration with water, and capillary suctions that influence the test resulis.

This paper describes the state of the art for in situ hydraulic conductivity testing of
compacted-clay soils. Methods of testing are discussed, techniques for data reduction are
presented, the relative advantages and disadvantages of the methods of testing are compared, and

case histories that illustrate practical experience with each permeameter are summarized.

BOREHOLETESTS

Boutwell Permeameter

Method. A two-stage, borehole hydraulic conductivity test was developed by Boutwell
and is described by Soil Testing Engineers (1983} and Boutwell and Derick (1886). The
concept is that by varying the“geometry of the wetted zone, the relative effect of vertical and
horizontal conductivities is varied in a calculable manner. The test is illustrated schematically
in Fig. 2. The device is installed by drilling a hole, placing a casing in the hole, and sealing the
annular space between the casing and borehole with grout. Falling-head tests are performed,
and the hydraulic conductivity from Stage | (ky) is computed from the appropriate Hvorslev

(1948) equation as follows:

n d2
T11 D (to - t1)

k1 In(Hy/H»o) {1)

The values of ky are plotted vs time. When steady conditions are reached (which typically takes
from a few days io 2 weeks), Stage | of the test is complete.

Next, the hole is deepened by augering or by pushing a thin-walled sampling tube into
. the soil. Smeared soil is removed from.the surface of the hole, e.g., with a wire brush. The

permeameter is reassembled, and falling-head tests are again performed. The hydraulic

- conductivity from Stage {l (ko) is calculated from Hvorsiev's {1849) equations as foliows:







ko = % in(Hy/H»2) {2)

where
A = o2 {in[%+\/‘i + (L/D)2]) (3)

B =8 D%(tg -t1) {1 - 0.562 exp[-1.57(L/d)]} (4)
Stage If continues until ko ceases to change significanily .
Next, one accounts for anisotropy by relating the ratio ko/ky to the degree of anisclropy.

This is done by selecting values of m, where m is defined as:

m = vkpiky (5)
(kh and ky are the hydraulic conductivities in the horizontal and vertical directions,

respectively) and calculating the corresponding values of ko/kq from the expression:

) .
ke In[6+\/ 1 + (L/D)?2] ©

ki ["%+ N 1+ (mL/D)2]

Values of kp/ky are ploited versus m and L/D in Fig. 3. The value of m that corresponds to the
actual value of ka/kq is found from this graph. The hydraulic conductivities in the vertical and

horizontal directions are computed as follows:

1
ky = =ki | (8)
Assumptions. The critical assumptions are that the soil is homogeneous and uniformly

soaked with water; soil is not smeared across the 3urfape; the pore water pressure is zero at the
base of the permeameter (Stage 1) or the center of the uncased section (Stage ll); boundaries
are at infinity; effects of soil suction are negligible; steady conditions are reached in the two
stages; the soil undergoes no volume change during a falling-head test; and Hvorslev's (1949)
equations are correct, The failure of the method to account for soil suction can be an important

limitation for relatively dry soils.
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1
A=y oar (12)

and a is a parameter (units of L-1) called the "sorptive .number” that is a measure
of the capillary (suction} properties of the soil and has a typical value of 0.002 cm*
1 (Phitip, 1985, p. 1026} to 0.01 cm-t (Elrick, 1988} for fine-grained soil.
. The k calculated from Eq. 9 should be compared with the value of k computed from
Stephens et al's (1987) regression analysis of numerical simulations:

k= e (13) -
where the dimensionless factor Cy is determined as follows from oy (units of cm-1)
and H and r {units of meters):

log10(Cy) = [0.653 log1o(R)] - [0.257 logio{ay)] - [0.633 logyo(H}]
+[0.021 YR} - [0.313N] + [1.456 1] + 0.453 (14)

and where N and ay are parameters that have values of about 1.8 and 0.002 cm-1,
respectively, for fine-grained soils (Stephens et al., 1988, p. 62).
. A third procedure for caiculating k is given by Elrick, Reynolds, and Tan {1988):

Cq
2nH2 + nr2C + 2nH/a®

kK = {15}

where C is determined from Fig. 6. For practical purposes, «* (Eq. 15) is equal to «
(Eq. 12), although Elrick (1988), who developed Eq. 15, suggesis that «* has a field

value of approximately 0.01 em™! for compacted ciay soils.






The borehole test may be coniinued for a second stage with a higher head in Stage 2, and
the method of Reynolds and Elrick {1986, p. 91) used to determine k from the rates of flow {qs

and go) needed o maintain water depths of Hy and Hp (2 = H4) in Stages 1 and 2:

-

k = Gogg - G194 (186)
where:

Hy Co
Go = 5 (17)
m {2 HiH2 (H2-H{1) + 1< (H{Ca-HaC )]

Hos Cy

G = G

(18)

and C is determined from Fig. 6. However, it is difficult to obtain reliable values of go/qq in
soils with low k because of soil heterogeneities; as ihe heaq in the borehole increases, ihe
volume of wetted soil increases, and uniess ihe soil is perfectly homogenecus, the overall k wili
change. Baumgariner et al. (1987) and Stephens ei al. (1988) report calculating negative
values of k with Eq. 16. Therefore, the one-stage methods described earlier are recommended
instead of the two-stage approach.

Assumptions. The important assumptions are that the soil is homogeneous, isotropic,
and uniformly soaked; boundaries are at infinity; soil is not smeared across the surface of the
borehole; and the soil does not swell when wetted. The method of data interpretation is more
rigorous than with the Boutwell method because soil suction is taken into account, but for highly
anisotropic soils, the assumption that kp = ky, can be a source of error.

Field Data. Reynolds and Elrick (1985) measured hydraulic conductivity with the
Guelph permeameter, which utilizes a Mariolte system,-on a heterogeneous loam. The average k
from 22 tests was 2.5 x 10°4 cm/s, which was -within the range of 1.1 x 10°4 cm/s for kp to
6.4 x 10 “4 cm/s for ky measured in the laboralory on core samples. Baumgartner, Elrick,
and Bradshaw (1987) used the Guelph permeameter i a silty clay and obtained a mean k of 2 x -

10-7 cm/s.






Stephens et al. (1988) measured k with borehole permeameters of various sizes. Data
were also obtained using an air-entry permeameter (see later discussion) and laboratory
permeameters.  Results for one clay (Ql2) tested were as follows:

-

Hydraulic Conductivity

Permeameter {cm/s)
Laboratory 0.1100.5x 1077
Air-Entry Permeameier 0.8t 1x 107
5-cm-Diameter Borehole Permeameter 4 x 10°7
19-cm-Diameter Borehole Permeameter 8 x 10-7

(The values of k for borehole tests were calculated from Eq. 14). The k's from borehole tests
were about 10 times larger than values from laboralory tasts. Note that the borehole iest is

expected to produce higher k's than the air-entry permeameter if kp>ky and that there may be

many causes for differences beiween laboratory- and field-measured hydraulic conductivities.

iages. Advantages and disadvantages of constani head borehole

permeameters are given in Table 1. Consideration of the effects of soil suction and short testing
times (a few hours {o a few days) are imperiant assets of this type of test. Permeation of a

comparatively small volume of soil and difficulty in measuring k < 10°7 cm/s are important

limitations.
POROUS PROBES
Meihod. Porous probes are pushed or driven into the soil, and constant- or falling-head

tests are performed. Hvorslev's {1949} equations, which apply to saturated, homogenecus,
isotropic porous media, are usually used to compute k, although the equations presented earlier

for borehole tests could be used. Olson and Daniel {1981) discuss porous probes for measuring






k in saturated clays. The usual configurations of the probe and equations recommended for
calculation of k are given in Fig. 7.

Although porous probes have been used widely for measuring k of saturated clay, they have
not often bden applied ic tests on unsaturated, compacted clay. However, one device, known as
the BAT permeameter (Torstensson, 1984) has been used for compacted clay. With this device,
a porous probe is pushed or driven into the soil beneath the bottom of a borehole, and then
casing is brought to the surface. A chamber is lowered down the casing and brought into coh!act
with the porous probe using a hypodermic needle and septum. The chamber contains both air
and water. The air in the chamber is pressurized (or evacuated) to any desired pressure. As
water flows out of {or into) the probe, the air pressure in the chamber changes. A pressure
transducer monilors the pressure change. The quantity of flow and heads are computed from
Boyle's Law and the measured chang.e in the gas pressure in the chamber. |

Assumplions. It is assumed that the soil is homogeneous, isotropic, uniformly soaked, and
incompressible; boundaries are at infinity; soil is not smeared across the surface of the porous
element; effects of soil suction are negligibie (unless efforls are made to account for suction
using methods described earlier for borehole permeameters); conditions are isothermal; there
is no effect from dissolutioned gas in the pressure chamber; and Hvorslev's {1948) equations
are correct.

Field Dala. Chen and Yamamoto (1987) performed tests with the BAT and other

permeameters on a highly plastic compacied clay. Average k's were as follows:

Hydraulic Conductivity

Testing Device (cm/sh
Laboratory Cell 0.7 -2 x 10-8
Sealed Double-Ring Infiltrometer 20 x 10-8
BAT Permeameter B " 0.06-08x10°8






{Notes: 1. The sealed double-ring infilirometer (SDRI) is discussed later. 2. The k's from
laboratory tests are for the lowest effective stress used. 3. For the SDRI test, the wetlting-
front pressure head was taken as zero. 4. The k's for the BAT probe are the values determined
prior to ponding.) Resulls from the BAT permeameter compare well with laboratory k's.
Petsonk (1988} reports that the device was used for more than 500 tests at a site in California.

s.and Disadvaniages. Advaniages and disadvantages of the BAT permeameter are

listed in Table 1. Fast measurements of low k are the strong point of this device. Many tests can
be performed with the BAT permeameter, e.g., for construction control. The small volume of
sofl tested, plus the danger that soil will be smeared across the porous slement, are the main
drawbacks. Although the equipment is relatively expensive, the cost per test may be low since

many tests can be performed comparatively quickly.

INFILTROMETERS

Method. The open, single-ring (Fig. 8) is the simplest infitrometer.  The ring is
embedded in a trench that Is sealed with a bentonitic grout. The ring is filled with water and

monitored ioc determine the rate of infiltration {i):

e g (19)

T AL A
where Q is quantity of flow, A is the area of the ring, t is the elapsed time, and g is the rale of
fliow. If evaporation can occur, a separate ring with an impermeable base is used to measure
evaporative losses and 1o correct the infiliration rate. The quantity of flow is determined by
measuring the change in water level in the ring with a hook gauge, scale mounted on the ring,
Mariotte bottle (Olson and Daniel, 1981), or other suitable device. A Mariotte device is

afiractive because the rate of fliow is measured while a constant water level is maintained.

However, Slewart and Nolan (1987) report that Mariotte systems do not work well for low fiow






rates. The author's experience is that Mariotie systems are unreliable for fiow rates below
about 100 muaay,
Hydraulic conductivity is calculated from the following equation:

- |
S - AT (20)

where i is the hydraulic gradient, H is the depth of ponded water, Lt is the depth of the wetting
front, and w{ is the wetting-front suction head. For a sharp wetting front, the Green-Ampt

(1911} model can be used to eslimate the wetting-front suction head:

Wi
= Py (21)
o sat

where K and kgat are the hydraulic conductivities at a particular suction and at saturation,
respectively, and wi is the initial suction. The relationship between k/ksat and y can be
measured or estimated, or (as is often done), yfcan be taken as zero, which leads to
overestimation of k. The depth to the wetling front (Lf} is determined from probes in the
ground, e.g., {ensiometers, or by water content measurements at the end of the test.

If the wetting front does not penetrate below the embedded ring, the water percolates
downward one dimensionally. However, once the wetting front passes below the ring, water
spreads laterally. Day and Daniel {1985b) describe techniques by which one can account for
lateral spreading when calculating k.

Assumptions. The key assumptions are that the soil is homogeneous and uniformly soaked
‘behind a wetting front; the rate of infiltration is sufficiently large that it can be measured
accurately; there is no leakage through the seal between the infiltrometer and soil; evaporative
Josses can be taken into account; either the wetting front does not pass below the bottom of the
ring or lateral spreading below the ring is properly considered; the welting-front suction head

can be determined or faken as zero without introducing excessive error; any swelling of the soil

10






is complete by the time that the final k is determined; and the effect of boundary conditions

beneath the ring are negligible.

Field Data. Daniel (1984) and Day and Daniel (1985a) describe several case histories in

which open, single-ring infiltrometers were used to measure k in situ:

Site Single-Ring Infiltrometer  _“Actual’ Figld Valye
Centrai Texas 4x 105 2-5x105
Northern Mexico 2x 167 1x 1076
Austin, Texas (Clay 1) 2% 105 9x10-6
Austin, Texas (Clay 2) 4 %106 4 %106

The "actual” field values represent field-measured values over much farger areas than the
infilirometers and are assumed fo be close {o the true average value of k. The comparisons are

excellent, but all K's are > 1 x 107 cm/s.

i.  The advantages and disadvantages of infiltrometers are

listed in Table 1. The strengths of the open, single-ring infiltrometer are low cost and
unlimited size; a drawback is the great difficulty in measuring k's less than 106 10 10-7

cm/s because of problems in measuring low flow rates and effects of evaporative losses.

Method. Two rings or boxes are sealed in the compacted solil, filled with water, and
covered to minimize evaporation. The water levels are usually kept constant using Mariotte
systems {Olson and Daniel, 1981). The rate of infiltration from the inner ring is determined
from Eqg. 19, and k is calculated from Eg. 20 {often with the assumption thal y; = 0). The
purpose of the outer ring is to limit lateral spreading of waler originating from the inner ring.

Assuymplions. | is assumed that the soil is homogenecus and uniformly weited; the rate of
‘infiltration is large enough to be measured accurately; evaporative losses are properly taken
into account; seepage beneath the inner ring is one dimensional; the wetling front suction can be

determined or taken as zero without introducing excessive error; any swelling of the soil is
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This device can measure low infiltration rales, but

temperaiure fluctuations and lateral spreading of waler can lead to error,

Method. Daniel and Trautwein (1986) and Trautwein Soil Testing Equipment Co. {1387}
describe a sealed, double-ring infiltrometer (SDRI), which consists of a sealed inner ring (0.6
to 2 m wide) and an open outer ring (Fig. 9) that are embedded into trenches and sealed with a
bentonitic grout. The rings are filled with water, and a small, flexible bag is attached fo the
inner ring. The entire SDRI is covered with a tarpaulin, and periodically the bag is removed,
weighed, and (when necessary) refilled to determine the quantity of flow. The differential
pressure beiween the inner and ouler ring is always zero (unless there are temperature
fluctuations) even when the water level in the outer ring fluctuates. Tensiometers are used to
maonitor the depth of the wetting front, and Eqgs. 19 and 20 are used to compute | and'kq

Assumptions. The important assumptions are that the soil is homogeneous and uniformly
soaked behind a wetting front; the wetting-front suction head can be determined or taken as zero
without introducing excessive error; temperature fluctuations in the inner ring are minimal;
seepage beneath the inner ring is one dimensional; any swelling of the soil is either complete
when the final k is determined or can somehow be taken into account; and the effects of
boundaries beneath the rings are negligible.

Cieid Data. Daniel and Trauiwein (1987) and Chen and Yamamote (1987) found that
SDRI-measured k's were about an order of magnitude higher than values measured in the
faboratory. The differences may be the result of many effects, including differences of scale,
degree of saturation, and others. Trautwein (1988) has unpublished data on more than a dozen
case histories that show SDRI-measured k's 1o be 1 to 10 times laboratory-measured k's.
Comparative data reported by Elsbury et al. (1988) showed excellent agreement between k's
determined from an SDRI and a large lysimeter pan (see laier discussion of lysimeters), which

provided an accurate measure of in situ k.
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The SORI minimizes most of the problems that plague other

types of infilirometers and permeates a large volume of soil.  The main disadvantage is that
testing usually lasts several weeks or months for soils with k < 1 x 10-7 cmy/s.

Air-Entry Permeameter

Method. The air-entry permeameter {AEP), developed by Bouwer (1966, 1978, 1986)
and shown in Fig. 10, consists of a sealed ring (about 60 c¢m in diameter) embedded about 10 cm
inta the soil.  in the first of iwo stages, the rate of infiltration (I) is determined from falling-
head tests or, preferably, a constant-head lest, e.g., with a Mariolte device. When the welting
front has peneirated io the base of the ring (which typically takes 5 to 30 minutes for
agricultural soils, for which the test was originally deveioped, or as much as several weeks for
compacted clay soil}, Stage 1 is complete.

| To initiate Stage i, a valve to the flow-measuring device is closed, which seals the AEP. A
negative pressure, which is measured with a gauge, develops as the unsaturated soil tries to
suck water out of the AEP. When the vacuum gauge vields its peak reading, the AEP is
disassembled and the depth to the wetting front (Lg) is measured, usually by taking a relatively
undisturbed sample of soil and measuring the variation of water content with depth.

The water-entry suction (pw) and air-entry suction (pg) are denoted in Fig. 11.
According 1o Bouwer, the minimum water pressure during the second stage of testing occurs
when the air-entry vaiue of the wetted zone is reached. At that point, air will start moving
upward through the wetted zone. The air-entry suction pressure at the edge of the wetting front
(pa) is defined as follows:

Pa = -Uw - [Li+G] Yw (22)
where uyw is the minimum water pressure. (a2 negative value) measured with a pressure gauge
located a distance G above the ground surface and yw is the unit weight of water. Bouwer
suggests, based on experience with various soils (but not compacted clay), that the water-entry
suction pressure at the wetting front (pw) is approximately one-half the air-entry suction

pressure. The suction head at the wetiting front {y§) is assumed io be:
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1 1
Wi = -pw/Yw = -3Paltw = -2—{%+(Lf+(3)} (23)

From Darcy's law, hydraulic conductivity is computed as follows:

. L
k = q!(1A)=(q/A)/(h/Lf)=H+Lff+Wf (24)

where | is the rate of infiltration from the first stage of testing, Lt is the depth of wetting front
determined after the test is complete, h is the head loss across the wetted zone, H is the pressure
head at the ground surface inside the AEP during the first stage of testing , and wi is the suction
head at the base of the wetting front.
mptions. [t is assumed thaf the soil is homogeneous and uniformly soaked behind a
sharp wetling front; the gauge reading is directly related to the air entry value of a soaked zone
of soil; the water-entry value is one-half the air-entr{( value computed from the gauge reading;
and the soil does not swell when wetted. |
Field Data. Knight and Haile (1984} used the AEP on an earthen liner and reported k's of
5x 1079 to 3 x 10°7 cm/s. Laboratory tests on “undisturbed” samples produced k's that
averaged about one-half an order of magnitude less than k's from the AEP. There may have been
many causes for differences between lab- and field-measured values, and, unfortunately,
published data do not exist to demonstrate that the AEP-measured k's are the correct in situ k's.
Agvgngaggg and Disadvantages. The primary advantages of the AEP are shor testing times
and the ability to estimate the wetting-front suction head. The main disadvantages are that the
wetting-front does not penetrate very deeply into the soil (hence, the volume of soil tested is

relatively small) and several important assumptions must be made.

UNDERDRAINS
Method

A lysimeter pan (Fig. 1} is an underdrain placed beneath a clay liner. The pan can be

constructed of any impervious material, but geomembranes are convenient. The pan is
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backfilled with drainage material, soaked, and covered with a filter fabric; then the clay liner is
built. Hydraufic conductivity is calculated from the measured rate of flow into the pan and
Darcy's law.

A proBlem for soils with low k (<10°8 cm/s) is that many weeks or months may pass
before steady seepage develops from the underdrain. The tendency for flow to be other than one-
dimensional may be minimized by making the width of the pan much larger than the thickness of
the liner.

Assumplion

The important assumptions are that flow has reached steady state and that water flows one
dimensionally into the pan. The interpretation of data from pan lysimeters is less ambiguous
and subject to fewer assumptions than any other method of testing.

Field Data

Day and Daniel (1985a), Rogowski (1986), Lahti et al. (1987), and Eisbury et al.
(1988) used pan lysimeters to measure hydraulic conductivities in the range of 108 1o 10-4
cm/s on compacted clay liners. The k's determined by pan lysimeters were in excellent

agreement with other field tests, or, in the case of Lahti et al. (1987), with faboratory tests.

Advantages and disadvantages of pan lysimeters are listed in Table 1. Pan lysimeters offer
the opportunity to measure reliably in situ k for a very large volume of soil. However,

lysimeters must be installed before the liner is built, and tests must last a long time for low k.

DISCUSSION
The best application of the various testing devices is summarized as follows:

- Boutwell Permeameter :  This inexpensive permeameter can be used for performing

many tests, e.g., fo study the variability of hydraulic-conductivity. This testing method enables

one to determine k in both the vertical and horizontal directions.
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This permeameter yields results quickly (hours

to days), is inekpensive, and has a relatively sound theorelical base.
- Porous Probes: Fast measurement of low k is the strength of this device; the small
volume of sbil tested plus possible effects from smeared soil are important limitations.

- Qpen. Single-Ring Infitrometer: The most advantageous use of this permeameter is for

flooding a large area {>10 m2) and measuring infillration rates in the range of 10-6 10 10-4
cmfs. Smaller rates of infiltration are difficult to measure accurately with this device.

- Open. Double-Ring Infiltrometer: This is an excellent in situ test when an area <1 m?
is to be tested and the infiltration rate is in the range of 10°6 10 10°4 cm/s.

- Sepled, Single-Ring Infilirometer: This infiltrometer is well suited to testing thin clay

liners over areas < 1 m< at infiltration rates <i0-6 cmy/s.

This device is an excellent in situ permeameter for

measuring low hydraulic conductivity (<1 0-6 cm/s) on large volumes of soil. All other devices
{except pan lysimeters) either permeate a8 much smaller volume of seil or cannot accurately
measure low flow rates. The main drawback is testing times of weeks to months for k < 107
cm/s.

- Air-Enfry Permeameter: This device yields fast measurement of low k but only tests

the upper few centimeters of soil and requires several unverified (for clay) assumptions.

- Pan. Lysimeier: For clay liners in which adequate time is available to obtain readings

with an underdrain, this is the best in situ permeameter; large areas can be tested, and
practically no simplifying assumptions are needed to calculate k.

All of the permeameters described in this articie soak the soil but do not ensure that all
air is displaced from the soaked soil. Entrapment of some air bubbles during permeation is
inevitable. Because unsaturaied soils are less permeabie than fully saturated soils (Mitchell et
al., 1965; Olson and Daniel, 1981; and others}), in situ tesfs can be criticized because they do
not ensure complete saturation of the scil. Bouwer (1988) suggests that the value of k at

complete saturation is 2 (sandy soils) to 4 (clayey soils) limes larger than the value measured
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from an infiliration test. However, the author's experience is that no fixed number, such as
Bouwer recomeends, for a particular soil type can be given. To determine k at full saturation,
the author recommends: (1) in silu measurement of k with one of the methods described here;
(2) measurement of the degree of saturation of the soil that is permeated in the field; (3)
measurement of the relationship between k and degree of saturation in the laboratory (Daniel,
1983; and Daniel et al.,, 1984); and (4) extrapolation of the field-measured k to full
saturation based on results of laboratory tesis. Allernatively, for compacted soils with a degree
of saturation greater than about 80 percent, the effect of partial saturation may be
approximated as follows:

kgat = k/8D : (25)
where ksat is the hydraulic conduclivity at full saturation, k is the hydraulic conductivity
measured on soil that has a dégree of saturation S (expressed as a decimal raihe.r than
percentage}, and n is a parameter approximately equal to 3 (Mitchell et al., 1965).

Another potentially important problem with in situ tesis is that the overburden siress
acting on the soil at the time of testing is negligible. Under "operating conditions" the soil may
be compressed from overburden and have a lower k. To estimate k at different stress levels, the
author recommends laboratory tests with consolidation-cell or flexible-wall permeameters

(Daniel, Anderson, and Boynton, 1985).

SUMMARY AND CONCLUSIONS
Nine in situ methods of measuring the hydraulic conductivity of water-soaked, compacted
clay soil have been described. All methods have bgen used with some degree of success. No one
type of permeameter is a panacea -- each method of testing has useful application.
Most of the permeameters permeate a relatively smali (<< 1 m3) volume of soil. In many
cases, a primary motivation in performing in situ rather than laboratory lests is to permeate a
large volume of soil. However, each of the "small” tests still has important capabililies that can

be advantageous in certain situations. For example, the Boutwell permeameter measures k in
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the verticali and horizontal directions, and the boreholé, porous-probe, and air-entry
permeameters ineid results relatively quickly (in a few hours to a few days).

Of the permeameters that enable permeation of targe volumes of soil, the sealed double-
ring permedmeter {(SDRI} and pan lysimeter are the most versatile. The SDR! can permeate a
large { > 1 m3) volume of soil and measure accurately infiltration rates down to about 10-8
cm/s, but testing times are usually several weeks or more for k < 10°7 ¢m/s. The pan
lysimeter can cover very large areas (>10 m2) and provide reliable data, but testing times are
typically many weeks or months for soils with hydraulic conductivities < 107 cm/s.

All in situ testing methods are affected by problems with incomplete saturation of the soil.
Laboratory hydraulic conductivity tests or Eq. 25 can be used io evaluate the effect of entrapped
gas. Laboratory tests shouid be used to determine the effect of overburden stress on k.

The state of the art for in situ hydraulic conductivity testing of compacted clay soils has
improved incredibly over the past haif decade. One now has a "toolbox" of testing methods as his
disposal. Judicial selection of the proper method of testing and combination of field-test results
with other data (such as from laboratory hydraulic conductivity tests) can provide a better

indication of in situ k of compacted clays than was possible just a few years ago.
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Appendix - Notation
A coefficient in Eq. 2 defined in Eq. 3, or coefficient in Eq. 9 defined in Eq. 12,
or cross sectional area of infiliration

coefficient in Eq. 2 defined in Eq. 4

B

C factor used in Eqgs. 17 and 18 and determined from Fig. 6
Gy factor used in Eq. 12 and defined in Eq. 14

d diameter of stahdpipe in falling head test

D diameter of casing in borehole test

Fi factor used in Eq. 9 and defined in Eq. 10

Fa factor used in Eq. 9 and defined in Eq. 11

H hydraulic head |

i hydraulic gradient

I rate of infiliration {quantity of infiltration per unit area per unit {ime)

k hydraulic conductivity

K4 hydraulic conductivity from first stage of a lwo-stage test
ko hydraulic conductivity from second stage of a two-stage test
Kh hydraulic conductivity in horizontal direction

Ksat hydraulic conductivity of fully saturated soil

Ky hydraulic conductivity in vertical direction

G height of gauge above ground surface

Gy factor used in Eq. 16 and defined in Eqg. 18

Go factor used in Eq. 16 and defined in Eq. 17

L length of uncased section in Boutwell permeameter

Lt depth of wetling front

m permeability radio defined in Eg. 5

n porosity (Fig. 1) or parameter equai to 3 (Eq. 25)

N parameter used in Eq. 14 and equal to about 1.8






Pa

Pw

192 ] -

—

Uy

Oy

=

air-entry pressure

‘water entry pressure

rate of flow (volume of flow per unit time)

quantity of flow

radius of bershoie

factor equal to H/r (head in a borehole divided by radius of borehole)
degree of saturation {(volume of water/volume of voids)
time

water pressure

depth

sorptive number used in Eq. 12

parameter used in Eq. 15

parameter used in Eq. 14

wetlting-front suction head

initial soil suction

unit weight of water
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Advantages

Table 1.
Tvpe of Test Device
Borehoie Boutwell Permeameter
Constant Head Permeameter
Pce MRS
Rlgzemeter 8AT Permeameter
P ochn

Infiltrometer  Open, Single-Ring

tnfilirometer

6.

1.

. Low equipment cost

(< $200 per unit).

Easy to install

Hydraulic conductivity is
measured in vertical and
herizontal direction.

Can measure low hydraulic
conductivity (down to about

10% cm/s).  _gud e slopeny

. Can be used at great depths!
A

Low equipment cost
{< $1,000 per unit).

. Easy io install.

Unsaturated nature of scil taken
into account relatively rigorously.

. BRelatively short testing times (a

few hours 1o several days).

. The hydrauiic conductivity that

is measured is primarily the hori-
zontal value {which is an advantage

~if this is the desired value).

Can be used at great depths.

. Easy to install.
. Short testing times (usually a few

minutes 1o a few hours).
Probe can also be used 1o measure
pore waler pressures.

. Can measure low hydraulic conduc-

tivity {(down 1o abouﬁ’IO 10 cmy/s).
The hydraulic conductivity that is
measured is primarily the hori-
zontal value (which is an advantage

if this is the desired value),
Can be used at large dep%hs’@ j

Low Cost {« $1,000)

2. Easy {o Insiall

ADVANTAGES AND DISADVANTAGES OF METHODS OF TESTING

Disagdvantages

ot

Ry =t

n

. Volume of soil tesied is smail.

Unsaturated nature of soil not
properly taken into account.

. Tesling times are somewhal long

(typically several days to several
weeks 6@., eadlic

el lwa#:m < lk.— c.«/S)

. Volume of soil tested is small.
. The hydraulic conductivity that is

measured is primarily the hori-
zomal value (in some applications,
the value in the vertical direction
is desired).

. The device is not weil suited to

measuring very low hydraulic
conductivities (less than

107 cmys).

. High equipment cost (> $6,000).
. Volume of soil tested is very small.

Soil smeared across probe during
installation may lead to underesti-
mation ofhydraulic conductivity.

. The hydraulic conductivity that is

measured is primarily the hori-

zontal value {in some applications
the value in the vertical direction
is desired).

The unsaturated nature of the soil
is not properly taken into account.

Low hydraulic conductivily

(< 107 cm/s) is difficult to
measure accuralely.
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Type of Test

Table 1.

Device

Advantages

Open, Double-Ring
Infiltrometer

Closed, Single-Ring
Infiltrometer

[

3. Very large infiltrometer can be

used to test a large volume of seil.

4. Hydraulic conductivity in the
vertical direction is determined.

. Low equipment cost

(< $1,000).
Hydraulic conductivity in the
verlical direclion is determined.

. Minimal lateral spreading of

water that infilirates from inner
ring.

Low equipment cost
{< $1,000).

. Hydrauiic conductivity in the

vertical direction is measured.

. Can measure low hydraulic con-

ductivity {down to 108 o
10-9 cm/s).

ADVANTAGES AND DISADVANTAGES OF METHODS OF TESTING (CONT.)

Disadvantages

2.

£

‘1 -

2.

3.

b

2.

3.

£

[8)]

4

. Volume of soil tested is somewhat

Must eliminale, or make a

corection for, evaporation.

May need to correct for lateral

spreading of water beneath
infilirometer.

. Testing times are relatively iong

(usually several weeks to several

monihsﬁ%m L,.,,.M:t ol v Blea = et

. Must estimate wetting-front Cwn 2

suction head.

. Cannot be used on sfeep slopes

urless a flat bench is cut.

Low hydraulic conductivity
(‘iD -7 cm/s) is difficult to
fheasure accurately.

Must eliminate or make a cor-
rection for evaporation.
Testing times are somewhat
long {usually severai days to

several monthsk L\»«B&M\}

(J;'}')'\Lk—kd\(,'i'\u|‘lr|‘étd LAY c_.u-k/s )4*_.__,__\

small because diameter of ring is )
<1m. ‘
Need 1o correct for lateral )
spreading of water if wetting front
penetrates below the base of the ’
ring.

Tesling times are long (usually

several weeks to several months).

. Must estimate wetting~fronix

suclion head.

. Very difficult to use on steeply

sloping ground.

ﬂ’\v"z'& ﬂli‘\wu;ti._ ll-b‘lm""‘l ~ :»\i
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Table 1. ADVANTAGES AND DISADVANTAGES OF METHODS OF TESTING {(CONT.}

Device

Type of Test

Advaniages

Sealed, Double-Ring
Infilirometer

Air-Entry Permeameter

Underdrain Lysimeter Fan

1.

Moderate equipment cost

(< $2,500).

Hydraulic conductivity in the
verlical direction is determined

. Can measure low hydraulic

conductivity {down to about

10-8 cmys).

Minimal lateral spreading of waler
that infiltrates from inner ring.

. A reiatively large volume of soil

is permeated.

. Modest equipment cost

(< $3,000).

. Relatively short festing times

(a few hours to a few days).
Hydraulic conductivity in the
vertical direction is measured.

. Can measure low hydraulic

conductivity {down to 108 to
10°92 cm/s).

. Wetling-front suction head is

estimated in second stage of test.

. Low cost.

The hydrualic conductivity in the
vertical direction is measured.
Large volumes of soil can be
tested.

. Few experimental ambiguities.
. No disturbance of soil.

Disadvantages

. Must collect and measure seepage

. Testing times are relatively long
- {usually several weeks to several

months). .

. Must esiimate welling front- .

suction head.
Cannot be used on slopes unless

a fiat bench is cut.

. A relatively small volume of

scil is permeated because the
welting-front usually does not
penetrate more than a few cenli-
melers into compacted clay .

. Cannot be used on slopes unless

flat bench is cut. ‘
SQ.\J o\.q.Q VW\PU\.\&NJ.’
Q55 0 pA Ll\(n‘uﬁ- ReZe

f\.&t[:,ul-«..u.«.'t .

. Must instali underdrain before

the liner is constructed.

Relatively long testing times

{usually several weeks to several

monthsk k- Aecdie cpudiedio by
from underdrain, which usually ;u'}bm/,,
necessitates a sump and a pump._

Aty Jow hydrapiic corduotivit
(< A0-8 Jm/s)diff] uitﬁ){/
easufe accfratefy.







Ford Allen Park Glay Mine Landfill
EPA ID No. MID980568711
May 19, 1989

TEST FILL CONSTRUCTION PROCEDURE

A series of test fills will be constructed at the Allen Park Clay
Mine prior to the start of construction operations for Cell II.
These test fills will consist of compacted clay pads constructed
using the same type of construction equipment as will be used
during construction of the cell; The purpose of the test £fills
is to verify that the specified design criteria, including
permeability, shear strength, moisture content and soil density
can be achieved consistently during the full-scale construction
of the liner. This test fill construction procedure incorporates
test pad dimensions, equipment types and number of passes, as
well as testing methodologies and fregquencies for the various

design criteria.

BACRKGROUND

It is our understanding that while test £ills are not currently
required for licensing of hazardous waste facilities under RCRA
or Michigan P.A. 64, test f£ill requirements are incorporated

into both the Federal and State operating permits.

In addition, the results of recent studies performed by several
researchers have indicated that field measurements of hydraulic
conductivity in compacted soil liners are frequently greater than
would be predicted from laboratory permeability +tests of the

compacted clay. Therefore, field permeability tests taken in






conjunction with a test fill constructed using the same
methodologies as planned to be utilized for construction of the
full-scale facility allows the development of a correlation
between actual hydraulic c¢onductivity and construction
methodologies. Test £ills can also be used to establish
relationships between field permeability and other soil index
properties. It should be noted that a maximum hydraulic
conductivity of 1 x 10”7 cm/sec is required for regulatory

approval of a hazardous waste facility.

It should also be noted that the Technical Guidance Document for
Construction Quality Assurance for Hazardous Waste Land Disposal
Facilities prepafed by the U.S. Hazardous Waste Engineering
Research Laboratory in cooperation with The Office of Solid Waste
and Emergency Response was used to develop this test £ill

construction procedure.

CONSTRUCTION PROCEDURE

Equipment and Test Pad Dimensions - For the Allen Park Clay Mine

project, a series of three  test fills shail be constructed.
These fills shall be constructed by placing the scil planned to
be used for the construction of the facility 1liner using a
tractor-scraper, spreading each l1ift of scil, and then compacting
each layer with a specific number of passes using a self-
propelled sheepsfoot compactor. We further recommend that each

test fill consist of four d2-inch thick locose lifts.






Based on informatiocn provided in the U.S. EPA Technical Guidance
Document and information supplied by Ford persconnel, the test
pads shall have minimum plan dimensions of 50-feet by 75-feet.
These dimensions represent a test pad width (50 feet) of
approximately iftimes the width of a tractor-scraper (i.e. 12~
feet) and a leﬁgth (75—-feet} approximately 3 times the length of
a tractor-scraper (i.e. 15-feet) plus an additional 15-feet on

either end of the test pad to allow room for turning.

Number of Passes - A different number of passes will be used to

compact each test £fill. A series of 2, 4, and 6 passes of the
sheepsfoot conmpactor will be used to compact each lift of each of
the three test fills. The sheepsfoot compactor shall be
approximately 300 horsepower and shall have an operating weight
of approximately 70,000 1lbs. Each drum width shall be
approximately 3 feet - 8 inches wide and shall contain a minimum
of 65 sheepsfeet, arranged in 5 rows of 13 feet. Each sheepsfoot
shall be a minimum of six inches long. Using this methodology, a
relationship between hydraulic conductivity and the number of
passes of the sheepsfoot compactor used to construct each test
£ill will be developed. Using this approach, the compactive
effort provided by the tractor~scraper during placement and

spreading of the material will be essentially constant.






Therefore, the hydraulic permeability of the test F£fill is
considered to be a function of the number of passes of the

sheepsfoot compactor. .~

Field Permeability Testing

The hydraulic conductivity of the test £ill material shall be
determined using a Boutwell permeameter according to the
nethodology presented by David E. Daniel in his paper entitled
"In Situ Hydraulic Conductivity Tests®™, 1989. A resultant
hydraulic conductivity greater than 1 x 1077 cm/sec will be
reported to the CQA Officer, and will be cause for construction

of another test £ill using different construction methodology.

Use of the Boutwell Permeameter 1is recommended for several
reascons. The first reason 1s because the Boutwell method
provides direct measurements of both the horizontal and vertical
coefficients of permeability. Recent research into field
permeability values for compacted clay indicates horizontal
permeability is frequently higher than vertical permeability.
Therefore, a test procedure that incorporates direct measurement

of horizontal permeability is conservative.

Another advantage of the Boutwell method is its low egquipment
cost, ease of installation and relative speed. The Boutwell
method only requires the installation of an approximately 3~foot
length of casing into a borehole. The casing can be grouted into

a hand-augered borehole, such that the time required to prepare a






test set-up is minimized. A Boutwell test typically requires a
few days to a few weeks to complete. The method is also an

accurate means of measuring low coefficients of permeability.

The Boutwell method is also considered to provide an element of
flexibility to the test £fill progran. Due to the relative
simpiicity of the test method and the relatively short time
intervals regquired for each test, this method provides a feasible
approach to determining additional field permeability values if
the proposed test £ill program (i.e. threé'test fills) requires

modification.

CONSTRUCTION WORK PLAN
I. cConstruction Methodology

1. Determine the moisture-density relationship of the
borrow socurce clay prior to the start of test fill
construction at a minimum frequency of one modified
proctor test per borrow source. The modified proctor
test shall be performed 1in accordance with the

procedure outlined in ASTM D 1556.

2. Construct three test fills according to the following

criteria:






a) Fach test fill shall be a minimum of 50 ft. x 75

ft. in plan dimension.

b} Fach test f£ill shall consist of a minimum of 4

12-inch thick loose 1lifts of soil.

c} Each 1lift of each test f£ill shall be constructed
using the methcedology planned for construction of
the full-scale facility. This methodology shall
consist of soil placement, spreading of each lift
of so0il, measurement of loose 1ift thickness
followed by conmpaction of each 1lift of soil using
a self-propelled sheepsfoot compactor. The
compactor shall have approximately 300 horsepower
and shall have an operating weight of
approximately 70,000 lbs. Each drum width shall
be approximately 3 feet - 8 inches wide and shall
contain a minimum 65 sheepsfeet, arranged in
configuration of 5 rows of 13 feet, each a minimum

of 6-inches long.

Compact each 1lift within each individual test £il1l
using a prescribed number of passes of the sheepsfoot
compactor. The number of passes within each test f£ill
shall be varied. One test fill shall be constructed
with each 1lift compacted by 2 passes of the sheepsfoot
compactor, one test f£ill shall be constructed with each

1ift compacted by 4 passes of the compactor, and one






test £ill shall be constructed with each 1ift compacted

by 6 passes of the compactor. The sheepsfoot compactor

shall be operated at manufacturer's recommended speeq/,»/

during compaction operations for each of the test

fills.

The test fills shall be constructed to a minimum of 90
percent maximum dry density and at -2 percent of
optimum to +3 percent of the optimum moisture content,
as determined by the modified proctor test for each

test fill,g/x

The field density and moisture content of the compacted
clay shall be determined by the nuclear moisture/
density gauge method (ASTM D 2922 and D 3017) at a
frequency of at 1least 3 tests per layer of clay

placed.

Determine the hydraulic conductivity of each test fill
using the Boutwell permeameter method. A minimum of
three field permeability tests shall be performed for

each test fill.

The Boutwell permeameter field permeability test shall
be performed in two phases. The first phase will
consist of grouting a 4-inch diameter casing into a 12-
inch to 15-inch deep borehole followed by the

performance of a constant head permeability test to






determine the vertical component of the hydraulic
conductivity for the test fill. This phase I
constant-head field permeability test shall be
performed in accordance with the procedure outlined by
Daniel, In Situ Hydraulic Conductivity Tests, 1989.

The second phase of the Boutwell permeameter field
permeability test shall consist of extending the phase
I borehole to a depth ranging from approximately 21 to
24 inches below the surface of the test £fill. The
borehole shall be extended by inserting a 3-inch
diameter Shelby tube through the 4-inch diametexr casing
and pushing it into the underlying soil for a depth
ranging from 6 to 9-inches. The Shelby tube shall
then be removed from the borehcle with the enclosed

cylinder of soil.

A constant head permeability test shall ~ then be
performed in the extended borehole in accordance with
the method outlined by DPaniel, 1989 (In Situ Hydraulic
Conductivity Tests), and the results evaluated with
respect to the results of the Phase I test to determine

a horizontal component of permeability.

The Shelby tube.sample of soil removed from each field
permeability test location shall be utilized to
determine the laboratory coefficient of permeability.-
These samples will be tested for permeability acéérding

to the falling head method wusing one of the test






methods detailed in USEPA publication SwW-925 (1984).
In addition, the sample will be tested for Atterberg
limits, particle size distribution, and shear strength.
A resultant coefficient of permeability greater than 1
x 1077 em/sec will be immediately reported to the CQA

officer.

Shear strength will be determined at a minimum
frequency of three tests per test £ill. Shear
strength will be determined by field vane shear methods
or by laboratory strength tests performed on Shelby

tube samples obtained in the field.

The test locations for hydraulic conductivity within
each test fill shall be arranged in a triangular
pattern, and the moisture and density tests for each
1ift of soil shaill be.performed at approximately the
same location as the hydraulic conductivity testing so

as to maximize the correlation between test results.

Using this approach, a minimum of nine sets of
moisture, density test data and three sets of shear
strength and permeability test data will be obtained
for each test f£ill. Due to the inherent variability of
scilil compaction operations, the construction
methodology used (i.e., the number of passes) shall be
considered adequate for construction if the average of

all cof the field permeability wvalues and all of the






field shear strenyui: ... .20isture/density values meet
the design requirements of the project Quality
Assurance ‘plan. That is, 1if the average field
permeability wvalue for a test £ill is less than
1 x 1077 cm/sec,-and if all the field shear strength
tests indicate values in excess of 2500 psf; and if all
the moisture/density data meet the reguired
specifications, the construction methodology shall be

considered adequate.

II. Quality Assurance

Health and Safety Plans - For the construction of the
test fills, as well as the construction of the
hazardous waste c¢ell, it 1is expected that worker
exposure to chemical hazards will be 1limited.
Therefore, during the performance of field activities,
safety procedures will include the following: Each
person will be required to wear a hard hat, steel-toed

boots and safety glasses.

Equipment - The equipment planned for use during
construction of the test £ill will consist of the
following types of equipment:

Tractor - Scraper

Bulldozer

Sheepsfoot Compactor meeting eguipment

specifications included herein.






The sheepsfoot compactor used for the subsegquent
construction of the hazardous waste cell shall consist
of the same type of equipment used to construct the
test f£ill. This equipment shall be of a comparable age

and quality, and be maintained in good repair.

Personnel - Qualified personnel will be used to
monitor and evaluate the test £fill construction
program. A field engineer or geclogist will monitor
test fill construction operations and perform field
testing and obtain soil samples. The results of the
test £ill field and laboratory testing program will be

evaluated by a qualified engineer or geologist.

Quality Control Reperts -~ Daily field reports will be
prepared by the field engineer or geologist assigned to
monitor construction of the test pads. These daily
field reports will include, but will not be limited to,

the following information:

- date, weather
- test pad dimensions
. 1ift thickness

. nunber of equipment passes
. type of equipment used
. equipnent speed

- type of soil used






. location of moisture-density tests

- field permeability test data including location
and borehole dimensions

. location and depth of undisturbed samples obtained

for soil index testing

Photographic Record -~ Photographs of each 1ift of each
test pad will also be obtained by the field geologist
during construction of the test fill. These
photographs will be compiled and labeled with pertinent
data including date, weather and location intoc a

permanent record.
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CERTIFTED MAIL P 847 326 233
RETURN RECETPT REOQURSTED

&

Mr. Jerome S. Arber

Environmental and Safety Engineering Staff
ford Motor Comparny

Suite 608

15201 Centtury Drive

Dearborn, Michigan 48120

Re: Ford Allen Fark Clay Mine
Final Permit
MID 980 568 71l

Dear Mr. Ambor:

Enclosed is a copy of the final permit issued by the United States Envirormental
Protection Agency {(U.S. EFA), which addresses the applicable provisions of the
Hazardous and Solid Waste Amendments (HSWA) of 1984, The pre-HSWA permit is being
concurrently issued by the Michigan Department of Natural Resources (MINR). The
effective date of the final permit is specified on the permit cover sheet.

The duration of the permit is five (5) years. However, the U.S. EPA may modify,
revoke, reissue, or terminate this permit based on causes specified in 40 Code of
Federal Regulations (CFR} Sections 270.41, 270.42, and 270.43.

You have the right to appeal any condition of the permit pursuant to 40 CFR Section
124.19. The failure of your company to meet any portion of the permit may result in
¢ivil and/or criminal penalties.

Sincerely,

Basil G. Constantelos, Director
Waste Management Division

Enclosures

:’.ﬁi’ffajf %‘?
cc: Alan J. Howard, MONR Tl
Ken Burda, MINR, w/enclosure
William Muno, HWEB
Leonardoe Robhinson, ORC
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CERTIFIFD MATY, P 847 326 233
RETURN RECEIPT REOQUESTED

Mr. Jerame S. Amber

Envirommental and Safety Engineering Staff
Ford Motor Company

Suite 608

15201 Century Drive

Dearborn, Michigan 48120

Re: Ford Allen Park Clay Mine
Final Permit
MID 980 568 711

Dear Mr. Amber:

Enclosed is a copy of the final permit issued by the United States Envirormental
Protection Agency (U.S. EPA), which addresses the applicable provisions of the
Hazardous and Solid Waste Amendments (HSWA) of 1984. The pre-HSWA permit is being
concurrently issued by the Michigan Department of Natural Resoiwrces (MINR). The
effective date of the final permit is specified on the permit cover sheet.

The duration of the permit is five (5) years. However, the U.S. EPA may modify,
revoke, reissue, or terminate this permit based on causes specified in 40 Code of
Federal Regulations (CFR) Secticns 270.41, 270.42, and 270.43.

You have the right to appeal any condition of the permit pursuant to 40 CFR Section
124.19. The failure of your company to meet any portion of the permit may result in
civil and/or criminal penalties.

Sincerely,

Waste Management. Division

Enclosures

cc: Alan J. Howard, MONR
Ken Burda, MINR, w/anclosure
William Mune, HWEB
Leonardo Robinson, ORC
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Ford Allen Park Clay Mine

MID 980568711

Section K Certification

Part B fertification 40 CFR 270.11

I certify under penalty of law that I have personally exemined and am
familiar with the information submiﬁted in this document and a&ll attach-
ments and that, based on my inguiry of those individuels immediately re-
sponsible for obtaining the information, I believe that the informstion
is true, accurate, and complete. I am aware that there are significant
penaities for submitting false information, including the possibility

of Tine and imprisonment.

Pgul T. Sulliivan B
Pregident

Rouge Steel Company
(per delegation of authority letter attached)

@367
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3001 Mifler Road -
Ford Meotor Company Dearborr, Michigan 48121

Mr. Paul T. Sullivan,
General Manager
Steel Division

The undersigned hereby certifies to you that:

1. 1 am the person immediately responsible for obtaining the in-
formation contained in the document accompanying the certifi-
cation and all of the attached documents.

2. 1 am.familiar with the procedure used to obtain the informa-
tion, and I personally supervised the persons who obtained
the information. I believe the information is true, accu-
rate and complete. '

.+ 3. I am aware that there are significant penalties for submit-

ting false information, including the possibkblity of fine or
imprisonment. '

r'//"-’——-1

AR fooa A Lo
Signed: \f‘e@\,_\_‘i-h»&j\f}l‘ e it
Dougl%ﬁ A, Painter,
Manager

Mining Department

 ~368B- S







CERTIFICATION OF CONFIDENTIAL BUSINESS INFORMATION

. There is no part of this permit, administrative record, or permit
app11cat1on that is considered Confidential Business Informat1on

RCRA Permitting Branch RCRA Program Managemen@ Branch

C "( I waﬁ':‘ J_fo
S1gnature’ /

7/24/

/

§ﬁ§ﬁd¥ﬁré
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Date - Date
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Attachment

Comments on Ford Allen Park Clay Mine Landfill
Draft Hazardous Waste Operating License
EPA ID No. MID 980 568 711

Part ITI A.1. The referenced engineering plans dated June 12, 1987 have
been updated and replaced by drawings dated June 24, 1988 that should be
incorporated into the operating license as Attachment 7.

Part IIT C. 1l.a. The natural clay base meets Michigan Act 64 requirements
as evidenced by the MDNR approval of the Groundwater Waiver Demonstration.
Departmental concern over the integrity of the clay base with respect to the
removal of water in Cell II is addressed in Part III C.l.b. Reference to
Part III C.l.a. in the operating license should therefore be removed.

Part III C.5.a. The regulatory requirement for the maximum leachate head on
the liner is twelve inches, not six inches. Please incorporate this
correction,

Part III F.7. 1t is agreed that the facility must take all reasonable steps
necessary to remove all waste from the carge portion of any vehicle leaving
the facility. The following revision (changes are in boldface type) is
proposed to achieve this objective:

No waste shall remain in the cargo portion of any vehicle leaving the
facility, deminimis quantities excepted. To assure compliance with this
condition, the licensee shall inspect the cargo portion of all vehicles
before they leave the facility and shall maintain a record of these
inspections for a period of sgix months. If an Iinspection reveals waste
remaining in the vehicle, the licensee shall take all reasonable steps
necessary to assure that the waste is removed from the vehicle.

Part IV A.2. The proposed requirement to determine groundwater flow
direction in the site artesian aquifer utilizing three statilic water
elevations cannot be achieved, and should be deleted from the operating
license. To provide a contour map from this data would not generate
meaningful information inasmuch as the three data points reflect artesian
conditions. Monitoring of the three static water elevations ig adequate to
affirm the artesian conditions as required in Part IV A.1.

Part IV B.2.b. Quarterly sampling results must be submitted within the time
frame specified in Condition E.9.c., Part I of the Draft Operating License.
Condition B.2.b., Part IV states an annual leachate summary report shall be
submitted by March 15% of the following year. Because it is redundant to
require submittal of these same analytical results a second time by each
March 15% deadline, all that should be required each March 15% is a summary
of the monthly leachate volumes pumped from each hazardous waste cell during
the previous calendar year. The Waste Management Division of the MDNR should
have the responsibility of attaching the annual leachate volume report to
the quarterly leachate analytical reperts already submitted by the licensee.






e

Part IV C.2.a. The last line of Cendition C.l., Part IV of the Draft
Operating License should be deleted and added as Condition C.2.c. of this
part, such that conditien C.1. stands alone as a requirement relating selely
to Leak Detection liquid volume reporting.

Condition C.2.a. states that if "no liquid is present, background shall be
established by the continuity correction method based on the detection limit
of the compound" as detailed in Attachment 12, Part B. The t-Test with
Continuity Correction has two significant shortecomings that make this
statistical test inappropriate for application when background data is
nonexistent (e.g., no liquid is collected before waste placement or
insufficient data is collected to adequately establish background). First,
the t-Test with Continuity Correction is inapt when there are only very few
observations; it is c¢critical te this method that sufficient background data
be collected. Secondly, this test requires a calculation of the mean for
both the background and foreground data. If no liquid is present to
establish background water quality, the t-Test with Continuity Correction
cannot be applied to foreground monitoring (i.e., following waste
placement). To imply in Condition C.2.a. that the licensee is to "create"
background data in the event none exists is inconsistent with a rational
statistical approach to evaluating data. If the statistical method of
identification cannot be applied to the conditions that exist or are likely
to exist, then another more suitable method should be selected.

Because it may be difficult to collect any data let alone a sufficient pool
of data to establish background prior to waste placement, it is appropriate
to monitor for Table 2 parameters only by employing the Critical Value
Method as presented in Exhibit I te this response. Table 2 parameters are
organic compounds that are not expected to be found naturally occurring in
virgin clay soils of a liner system. The assumption the licensee makes is
that any waters collected in the Leak Detection System should be clean of
Table 2 compounds during foreground menitoring and result in non-detectable
levels. The Critical Value Method allows for evaluation of foreground data
without prior knowledge to background information. The basis for selecting
the Critical Value Method (a confidence level test) over the t-Test with
Continulity Correction (a means comparision test inappropriately called a t-
Test) is presented in Exhibit A to these comments,

Part IV C.2.b. Condition C.2.b. stipulates that each withdrawal of liquid
from the system must be analyzed for those parameters listed in Tables 1, 2
and 6 of Attachment 11 to the Draft Operating License. Because Table 6
parameters are water quality indicators that can provide helpful information
in the future, they should not be subjected to statistical evaluation as
Table 2 parameters should be evaluated. Table 1 and 2 parameters are
hazardous waste constituents typically found in the wastes identified for
disposal at this facility. The monitoring and statistical evaluation of
Table 2 parameters provide an environmental program capable of detecting a
release of hazardous waste constituents from the primary liner of Cell II.
Michigan Act 64 Rule 29%9.9611 requires the licensee to "develop an
environmental monitoring program capable of detecting a release of hazardous
waste or hazardous waste constituents from the facility." A leak in the
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primary liner, detected in the leak detection system beneath the 150 em clay
liner, does not constitute a release of hazardous waste constituents from
the facility per the definition of Facility in R299.9103. The development of
a Leak Detection monitoring program is neither required nor capable of
detecting such a release from this facility. The Leak Detection monitoring
program is a viable plan for detecting a leak in the primary liner.

It should again be moted that there may not be any liquids that collect in
the Leak Detection system prior to waste placement in Cell II. If such a
scenario occurs, the licensee will be unable to implement the t-Test with
Continuity Correction for foreground evaluation because background data will
not exist. Because water from the moisture-conditioned clay may not be
pressed out of the scil liner before waste placement (a very real
likelihood), the most appropriate statistical test for evaluating
significant increases to foreground data is the Critical Value Method.
Evaluation of only Table 2 parameters by the Critical Value Method, is the
most appropriate approach to determining whether liquids ceollected in the
Leak Detection system are indeed the result of a leak in the primary liner.
Table 1 parameters should be removed from the Leak Detection, Collection and
Removal System Monitoring Program for the following reason:

1. Table 2 is a list of 16 Polynuclear Aromatic Hydrocarbons and
12 Phenolic compounds that are not expected to be naturally
occurring in any virgin soils such as clay. Metals on the
other hand, such as those listed in Table 1, may be naturally
occurring in trace amounts since clays are minerals. Therefore,
liquids compressed from the clay liner may emerge containing
trace levels of soluble, suspended or miscible metals removed
from the clay -- total metals in Table 1 require a digestion
process, Without any background data relating metals
concentrations in an uncontaminated Leak Detection liquid
(i.e., before waste placement), it would be erroneocus to assume
that the detection of Table 1 metals in waters collected during
foreground monitoring constitutes a leak to the system.
Condition C.2.,a,, Part IV of the Draft Operating License infers
that background data shall be "created" and be equal to one-
half the detecticon limit for a given parameter in the event no
liquid collects in the system prior to waste placement. The
Surface Water monitoring program is the most comprehensive plan
for collecting background data on Table 1 metals.

Condition G.2.b. reads that every withdrawal of liquid from the system must
be analyzed for parameters listed in Tables 1, 2 and 6. Since Condition C.1.
states that liquid withdrawal must be initiated monthly, sampling and
analysis must be done whenever liquids are withdrawn -- a frequency much
greater than required to protect human health and the enviromment. Surface
water conditions are not monitored continuously nor is the artesian

condition of the site. Condition C.2.b. should therefore be changed to read
ag follows:

"After waste has been placed in Cell II, the licensee shall sample
and analyze quarterly for those parameters listed in Table 2 of






Attachment 11 and ...."

Part IV C.2.c. A Condition C.2.c¢. should be added, as discussed at the
beginning of the Leak Detection comments section, to read as follows:

"If there ig insufficient liquid to obtain a sample, requirements
under Condition C.2. of this part shall be waived.”

Part IV C.3. Attachment 12, Parts A and B should be removed from the
license as the statistical package identified in Condition C.3., Part IV and
replaced with the statistilcal programs included as Exhibit A to these
comments.

Part IV C.4. Refer te Exhibit B for alternative proposed language that
would provide appropriate confirmation of a statistically significant

inecrease in the analysed parameters, thus eliminating results attributed to
laboratory or sampling error.

Part IV C.4.b. The requirement to monitor artesian wells is incomsistent
with the groundwater waiver provision and should be removed from the
operating license. Refer to Exhibit B.

Part IV C.5. Refer to Exhibit B for alternative proposed language that
would trigpger appropriate remedial action in the event an escape of
pollutants is suspected from the Cell II liner system. Remedial action

provisions relating to the leak detection system should pertain only to Cell
II. ’

Part IV D.2. The frequency for sampling should be identified in Condition
D.2. to read as follows:

"The licensee shall sample quarterly and analyze....®

Part IV D.2.a. Condition D.2.a., Part IV of the Draft Operating License is
technically incorrect because if "no liquid is present" a sample simply
cannot be collected. True background monitoring is not possible for this
program because foreground menitoring commences Immediately with the first
sampling of water of the in situ clays adjacent to Cell 1. If this condition
is suppose to be read like that in the Leak Detection program (i.e., where
background data shall be "created" and equal to one-half the method
detection limit of the Table 2 compound and evaluated by the t-Test with
Continuity Correction), this method is inappropriate for the same reasons
detailed in our comments with respect to the Leak Detection program. The t-
Test with Continuity Correction cannot be applied unless background data
exists; it is technically unsupportable to arbitrarily create data in the
event such data does not exist. The t-Test with Continuity Correction is not
an appropriate method to evaluating statistically significant increases of
environmental data when there is no background data to which foreground
information can be compared. The number of background observations, the mean
of the background observations and the variance of the background
observations all must be computed when calculating the t-statistic (see
Attachment 12, Part B of the Draft Operating License). It is no more
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appropriate to create foreground data than it is to create background data
in attempting to make the formula work.

The Critical Value Method should be applied as the statistical method for
Table 2 parameters in the Lysimeter Monitoring program. The Critical Value
Method is capable of evaluating foreground data when nc background data
exists, based on the assumption that those compounds of interest are equal
to some concentration below the method of detection. It is fair and accurate
to assume that organics listed in Table 2 will not be present at levels
requiring establishment of a background data set. An action level is
calculated based on the precision of both the laboratory and the method at
or slightly sbove the method detection limit. Precision for a method should
be calculated once a year and can be accomplished in one day by running
seven replicates of a blank sample spiked slightly above the detection
limit. This approach to dealing with non-detects and with programs in which
no background data exists is the most rational means of assessing
environmental data of this type.

Part IV D.2.¢c. A Condition D.2.c. should be added to read as follows:

"1f there is insufficient liquid to obtain a sample, requirements
under Condition D.2. of this part shall be waived."

Part IV D.3. Attachment 12, Parts A and B should be removed from the Draft
Operating License as the statistical package identified in Condition D.3.,
Part IV and replaced with the statistical programs included ag Exhibit A

to these comments.

Part IV D.4. Refer to Exhibit B for propoused alternative language that
would provide appropriate confirmation of a statistically significant
increase in the analysed parameters, thus eliminating results attributed to
laboratory error.

Part IV D.4. The requirement to monitor artesian wells is inconsistent with
the groundwater waiver provision and should be removed from the Draft
Operating License. Refer to Exhibit B.

Part IV D.5.a.and D.5.b. Refer to Exhibit B for proposed alternative
language that would trigger appropriate remedial action in the event an
escape of pollutants is suspected from Cell I.

Part IV E,2,, E.2.a. and E.2.b. Condition E.2., Part IV of the Draft
Operating License states that parameters listed in Table 3 shall be
evaluated for statistically significant increases over background. Although
background Information relating to Table 3 parameters shall be established,
it is not the intent to monitor for statistical increases of inorganic,
nonhazardous constituents such as those of Table 3. Because Table 3
parameters are water quality indicaters that can provide helpful information
in the future, they should not be subjected to statistical evaluation as
Table 1 and 2 parameters should be evaluated. Table 1 and 2 parameters are
hazardous waste constituents typically found in the wastes identified for
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disposal at this facility. Any reference to Table 3 parameters should be
excluded from the language contained in Conditions E.2, and E.2.b., Part IV.

Cell IT isg scheduled teo be constructed over a two year period. Background
data shall be collected during this time as provided for in Condition E.1.,
Part IV. Since the facility is afforded the luxury of assimilating
background data relating to surface water quality over an extended period of
time, each parameter can be scrutinized for underlying statistical
distributions (e.g., normally distributed or not), outlier wvalues, seasonal
cycles, long-term trends and serial correlation. In additiomn, analytical
precision for the detection limits can be established and the data can be
categorized according to the percent of non-detects found, as proposed in
the statistical package included as Exhibit A to these comments. The flow-
chart in Figure VIIa (page 531) of Exhibit A presents a powerful means of
gselecting the right statistical method for the data at hand. The chart is a
powerful tool because it provides a means of evaluating each parameter
individually rather than as a coordinated group behaving similarly to omne
another. For example, phenol is expected to be present and naturally
occurring in trace amounts during certain times of the year because of the
degradation of vegetable matter in the surface waters (e.g., lignin and
tannin are plant constituents that are hydroxylated aromatic compounds).
Neither naphthalene nor pyrene are expected to be detected in these same
waters yet background data relating to these SCAN 7 parameters are likely to
be censored differently than that of phenol which may require seasonal
adjustments. The methods proposed in Exhibit A offer & means of isolating
the peculiarities expected of individual parameters that are ignored by the
methods included as Attachment 12 to the Draft Operating License.

The last sentence of Condition E.2. should be modified to read as follows:

"A statistically significant increase, as specified in Attach-
ment 12, shall be determined as follows:"

where Exhibit A of these comments replaces Attachment 12 of the Draft
Operating License.

Condition E.2.a., Part IV sghould therefore read as follows:

"If background data does not exist or if 100% of the background
is below the detection limit, apply the Critical Value Method;
if more than 50% yet less than 100% of the background data are
above the detection limit, apply the Average Replicate t-Test;
if less than 50% of the background data are above the detection
limit, apply the Proporticns Test."

Condition E.2.b. of this part should then be deleted,

Attachment 4 -- Contingency Plan: Page 285C of the Contingency Plan should
be consistent with the requirements of Part IV C & D of the Draft Operating
License. As referenced above, revision to the Contingency is requested per
Exhibit C.
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Attachment 5 -- Closure Plan: Portions of the Plan are outdated. An
updated Plan is provided herewith, Exhibit D.

Prepared by:

Ford Motor Company

Stationary Source Environmental
Control Office

September 6, 1988

DAO/DSM






EXHIBIT B

€. LEAK DETVECTION, COLLECTION ARD REMOVAL SYSTEM MORITORING

I. The ifcensee shall withdraw 1iquid which has collected in the
Tezk detection, collection and removal system for Cell ¢ and
ghell record the volume of tiguid withdrawn &t Teast monthly.

if there 4s fnsufficient Tiquid to obtain & sample, this
requirement shall be waived.

The 1{censee shall sampie and analyze the Teak detection,
collection and removal system as follows:

&. As Lell 2 s constructed, the licensee shall, at least
' monthly, if Yiquid is present, sample and enalyze the Teak
detection, collection and removal system for all parameters
. Tisted 4n Tables 1, 2 and 6 of Attachment 11, prior to
waste being placed in the cell to establish background
concentrations of these parameters. If o Tiquid is
present, background shall be established by the continuity
correction method based on the detection limit of the

compound for purposes of the statistical test svtlined in
condition C.3. of this part.

Efter waste has been placed in 2 cell, the licensee shell
sample and analyze esch withdrawal from the system for
those parameters listed in Tables 1, 2 and 6 of
Attachment 11 and any sdditional volatile constituents
found in the Teachate of that cell in concentrations
exceeding 0.5 ppm during two consecutive sempiings con-
ducted pursuant to condition B.2. of this pari. The
statistical procedure outlined in condition C.3. of this
part shall be performed on all aznalytical resuits.

+

The Vicensee shall determine if statistically significant
increases of each paremeter analyzed have occurred above the
background levels established pursuent to condition C.2. of
this part. A statistically significant increase shall be
determined using the interim statistical test specified in
Bttachment 12R, Part B, A final statistical program shall be
geveloped i{n accordance with Condition I of this part.

4, If & stetistically significant increase is confirmed by a

resampling of the leak detection system, the licemsee shall do
/ all of the following:

8. Hotify the Director immediately by calling the Chief of

. : the Maste Management Division, the Haste Management
Chonged €+° “ﬂ’“A{’I Division District Supervisor, or Department of ﬂatura%
& cesamphng fo Nerdy | Resources 24 hour emergency response felep
1-B00-292-4780, and by providing followup st

the Chief of the Bzste Management B:si&i&maég'h
“IYDT Deak License within seven days. _

CQﬂI-fma—\eor’\. o'g a Shed: s%-(d/

Sigmf\mw{- mcrase , Pec

Condrion Y b7 was
deledeld becavse of

E%mm{, ok .LLL& Srcu.wi-
watee  wdader
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b, Begin fmmediate action to implement the current contin-
gency plan.
ve-ledlered c. Within 30 days, determine the cause of contaminatien and
(sce peevious whether failure has occurred in the limer system.
eammewk} '

Provide the Chief of the Waste Management Division or his
designee, with weekly telephone updates and written

reports every two weeks regarding the progress to date im
determining the cause of contamination, znd the results of

a1l samples from envirormental monitoring conducted by the
1icensee. )

5. i€ the determinations made under condition C.4.c. of th

indicate an escape of pollutants from Cell II, the
licensee shall do either of the following:

is part

Condihion C.&
s ewecuked Dol

¥ an Qsmf_ g a. Begin immediate action to vepair failures in the liner
om the

system or otherwise correct the probiem and demonstrate to
potldtmnts tom the Chief of the Waste Management Division within 72 hours % 1K
e = stem 1o that the action being taken will correct the escepe of ‘*ﬁ‘:"‘ ‘
Conbicmed Ciey, pollutants. The Iicensee shall complete the repair on a s (‘ . Sﬁ‘“jﬁf‘
Condhon €. dc.) schedule approved by the Chief of the Waste Management Galy vo eilil

Division, and shall obtain the certification of & regis- (e, achve

tered professional engineer that, to the best of his or cet\} and
her knowledge or opinion, the failure has been corrected.

not to Ceitl
1f the Chief of the Waste Management Division determines {le. ) tnacte
that the failure cannot be corrected on a schedule which -eecnl)
fnsures the protection of human health and t¢he environ-

ment, the licensee shall comply with condition €.5.b. of
this part.

b. Ceasse placing waste into all cells continuously connected

to any cell indicating failure and take action to prevent
the migration of hazardous waste and hazardous waste
onle Ceu-ﬂ—____s——-»constituents from Cell II on & schedule approved by
/ \ the Chief of the Waste #Management Division.
need e cefevented

B. LYSIMETER MORITORING FOR LEAK DEVECTIONW

1. The licensee shall submit a program for installation o;a//%"“"‘
ithin

minimum of two leak detection Vysimeters around Celll
30 days of fssuance of this Ticense.

The Ticensee shall sample and analyze the leak detection

tysimeters for 11 parameters listed im Table 2 of
Bttachment 11 as follows:

T -

s Rz -

i
A

a. 1€ oo Viguid is present, background shall he asfumed 1070e

one half the method detection Jimit of the compound for
purposes of the statistical test outlined in '
condition D.3. gf this part.

P7






The Ticensee shall sample and analyze each withdrawal from

each Vysimeter for those parameters listed im Table 2 of

Bttachment 11 &nd &ny additional volatile comstituents

found in the Jeachate of that cell {m concentrations

exceeding 0.5 ppm during two consecutive sempliings

conducted pursuant to condition B.2. of this part.

3. The Vicensee shall determine 1f statisticslly significant
{ncreases of each parameter and analyzed have occurred above
the background Tevels established pursuant to condition £.2. of

this

part. A statistically significent increase shall be

determined using the interim statistical test specified im
Attachment 12A, Part B. A final statistical program shall be

developed in accordance with Condition I of this part.

4, gif a2 statistically significant increase is confirmed by a

resarpling of the lysinmeter system, the licensee shall do

all of the following:

e

"_\—‘fh‘i.‘ Tawle Lan, uwge_,
C\.??‘w‘.» +o adhe jsfme}er
System as ithod of
the leak detechon
sf&+ewx

. i
fondivons wee £ ¢,

('e.-\e.{-\-ei‘c.ci Eccu

the -ground watec

d.
5q_m«‘; “ch daoes ndk

opely

Hotify the Director fmmediately by calling the Chief of
the ¥aste Management Division, the Waste Menagement
Division District Supervisor, or Department of Natural
Resources 24 hour emergency response telephone at
1-800-7982-4780, and by providing followup motification to
the Chief of the Waste Management Division in writing
within seven days.

Begin {mmediate action to implemeni the current
contingency play.

“#ithin 30 days, determine the cause of contamination and .

whether failure has occurred in the Yiner system.

ticensee.

5. »1f the determinations made under condition D-4.c. of this part
indicate an escape of pollutants from Cell I, the licensee

See Comment
L@N‘ i QUn&:'l—L;ka C.g- 8.
i% ?“es Ao

the l?(-s?ma-\er’ s-}/s-lrerﬂ

shall do either of the following:

Begin immediate action to repsir failures in the Viner

system or otherwise correct the problem and demonstrate to

Provide the Chief of the Waste Hanagement Division er his -
“desigree, with weekly telephone updates and written

'peports every two weeks regarding the progress to date in
“determining the cause of contamination, and the results of
‘a1l samples from environmental monitoring conducted by the

_’ﬂf\é.. \ 5\:’!?&
Lyslen 1o
t(z(t‘(

the Chief of the Weste Management Division within 72 hours .o CyT

that the action being taken will correct the escape of

pollutents. The licensee shall completé The Tepsir oha

'ifnlf

schedule approved by the Chief of the Haste Hsnsgement .o
Division, and <hall ebtain the certificationpfa .~ -

vegistered professional engineer thet, 4o iheﬁes%faffﬁfs =
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or her knowledge or opinion, the failure has been
corrected. 1€ the Chief of the Waste Management Diviston
determines that the fatlure cennot be corrected on a
schedule which insures the protection of human health and

the enviromment, the Yicensee shall comply with
condition D.E.b. of this part.

Take Bction to prevent the wmigration of hazardous waste
and hazardous waste constituents from Cell I 6h &

schedule approved by the Chief of the ¥asie Management cal
Bivision.

Cat\ Y

need be |,
E. SURFACE WATER WONITORING

iﬂ

refecenced

The Yicensee shall conduct & surface water monitoring program

of surface weter drainage from the site by collecting samples

once esch quarter after a twenty-four hour, 0.5 inch or grealer
vainfall, from those Jocations shown on Figure 1-A of Attachment i3.
The licensee shall analyze each samplie for those constituents
tisted in Tables 1, 2 and 3 of Attachment 13, using the procedures
specified in Attachment 13, and Appendix 1 of A{tachment 10.

The licensee shall record the guantity of reinfall during each
storm event during which sampling occurs,

The ticensee shall determine if statistically significant
increases of parameters listed in Tables 1, 2 &nd 3 of
Bttachment 13 have occurred over background levels for surface .

water in the drains. A& statistically significant increase
sha1l be determined as follows:

a. For organic parameters listed im Table 2, the studeni’s

t-test with continuity correction as specified in .
Attachment 128, Part B as the interirm statistical procedure.

For parameters listed im Tablec 1 and 3 with n values of

& or more, using the sign test procedures in Attachment 114,
Part & as the interim statistical procedure.

In the event that the sampling and analysis of surface waters

shows a statistically significant increase over background, the
jicensee shall do the following:

8. Motify the Director immedistely by calling the Chief of

the Waste Management Division, the ¥aste Management
Division District Superviser, or Depariment of HWatural

Resources 24-hour emergency response telephone at
1-800-292-4780.

Provide follow up motification to the Chief of the Weste
Maragement Division in writing within seven days.

Within 30 days of sampling, determine whether a discharge
to syrface waters is eccurring, or will eccur during
sybsequent storm events, determine the source of the






EXHIBIT C

Ewvk rernenms! and Batety Engheoring
Eerd W Congany

. - Buhe 808
. 2620 Corttary Erive
- Bearbom, Mchigen 4B1E0

&uvgust 17, 1988

Hr. Peter Qusckenbush - R : i Py
Uante Menspement Divielon : SR

Michigen Department of Naturel &ea@urc@s
F.0. Box 30028

meingb HEichigen 4£8%09
ﬁe Eevised Contingency Flam

Ford Allen Perk Clesy Mine Emdfill
HID # 2BO S68 711

Beer Er, Quackenbugh:

Enclosed please £ind revisions to the Contingency Plen referenced sbove,
which should be incorporated fnte the fimsl epereting permit for the

hazardous waste disposal fmﬁ.i&y. Pirections Tor the vevielon are es
followe: . :

Beplece page 27BC of t:he mpp‘iie;atim with page E78D. : ) i
Eeplece page 279D of the applicetion with §78D.
Seplace page Z85C with pege RESD. - -

Insert pege E93.1 into the ap@licxtim. -

Ehould you have mny questim x‘ag&rﬁm& thﬁ mtter glease contact David -
Miller &t £313) 322-0700. :

Tours truly,

xw AL , ..
- ; oy ﬁmff__Mimer

ec: hréys Bennett - Allen Park - .&_- SR
Bichaerd Treub - U,E. EPA : P ’
bee: 6.4, Anderson
G. Hirvcos
H. Vaughn

[ L

qt
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August 16, 1988

Pection € CONTINGENCY PLAR

#0 CFR 270.14(B)(7)
&-1

Bl

3 mat . on
The hazardous weste #ispesel facility consists of 16.5 acres
in the nmortheast cormer of the site as shown on the site plan,
The site @ddress is 17005 Oskwood Boulevard, Allen Perk, Kichigan
48101, and the site malling address fs Ford Motor Company, and
15201 Century Drive, Suite 608, Dearborn, Michigan 48120. J

Waste types to be disposed of at the facility are:

. £KO0B1} Electric Furnace Bmission Control Dust
° {f{'%ﬂ Decanter Tank Tar Sludge from Coking Operations

- {FO06) Wastewster Treatment Sludge from Electroplating Operations
. {DDO04} EP Toxic = Arsenic

. §D005) EP Toxic - Barium

- {D0O06} EP Towic - Cadmium
. §D007} EP Toxic = Chromium
. EDO0B} EP Toxic - Lead

- {D009) EP Toxic - Hercuwmy
. {DO10) EP Towic - Selenium
. (D011} EP Tomic - Silver

« 4001D) EP Toxic - Copper

- 4003D) EP Tawic - Zinc

E-2 Enerpency Coordinators {In Priority Ordery &0 CFR 264.%2 (&)

1. Jerome §. Amber, Primsry Emergency Coordinator

Office: {313) 322-4646 Bome: (313) 258-6714
Suite 608 CPR 1610 Hanley Court
15201 Century Drive - Birsmingham, MI 48009

Bearborn, MI 48120

i U
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RESIY
NER

f
i

G=3

Emergency Ceordinaters - Continued

2. David §. Hiller
Bfflce: (313) 222-0700 Bome: {3133 662-4435

Buie 608 CPH 2601 Elizabeth

13201 Century Drive fre Arbory, HI &BIDS
Besrborn, M1 &§L20

3. Bevid 4. ©'Counor
Office: {313%) 322-0701 Boma: (313) 5697762

Buite 608 CPR 18680 Bungelow
15201 Century Drive Lathrop Village, I
Dearborn, M1 &8120 : &8076

&. Willlem Botterzer
Office: {313) 594-1014

: €313) 360-0B19

foom 108 7441 Boneysuckle
Constrection Cervices Bldg. Fest Bloomfleld Ml
001 #iller Eoad '

&8033

- ,_?' . Bearborn, Bl 48121 |

Irplementation 40 CFR 264.52(8)
&0 CTR 264.55

The contingency plan will be implemented by the emergency
coordinator when an imminent or actual hazard incident
could threaten human health andfor the enwvircoment. Ex-
ample of such hazards conld be fire, fumes, dike failure,

or storm overflew.

~y Contacts and Wotification Procedures 40 CFR 264.56(a)
Any unplanned release of hazardous waste to the soil, air or
surface water at the fecility vwhich could threaten human health
or the environment would warrant implementation of this plan,

ﬁsmllamymmmchﬁmtmmm@tmm
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ge &0 CFR 264,32

If liquid is detected in the lesk detection gystem or lysimeter
monitoring system, the liquid will be anslysed for contamination
sccording to each respective envirermentel sonitoring progrem.
If & pratisticelly significant imcresse in the concentration of
anzlysed parapeters {s detected, in sccordance with the '
provisions of the monitoring pregrams, the following procedure
#hzall be implemented whenever an immediete resampling confivms
the statisticelly significant incresge:

a. Hotify the Director immedistely by callling the Chief of the
Waste Management Divieion, the Waste Mansgement Divieion
District Supervisor, or Depertment of Estural Resources 264
hour emergency response telephone at 1-800-292-4780, and by
providing followup motification to the Chief of Paste

 Hensgement Division im writing within seven days.

B, Begin Immedliate asction to Implement the current contingency
plan. '

€. ¥ithin 30 days, Getermine the cauvse of contenination and
whether failure hes esccurred im the liner system.

4, Provide the Chief of the Veste Mansgenent Division oy his
designee, with weekly telephone updstes snd written reports -
every twe weeks repavrding the progress to date In determining

the cause of contamination, end the results of £ll samples '

from environmental wonitoring conducted by the ficensee.

$0 CFE 264.52 {e)

o Five Brringuishers .= 8 Zoceted cthroughout the wheel wash
building
Zelephone ‘= ipceted at the vheeol wesh building

Fire Hydrant - locsted morth of entrance gste

Electricel Power - gutlets Iocated fn wheel wash :
bulilding end alr monitoring stetions

Hige. Hobll Equipment - svaileble st the Ford Rouge Plant L

wpon veguegt {front endlosderg,
- vecuum truck, ste.)
L e

Bhover - located in wheel wesh buflding

~285D-






BRICHARD £ #Hulii. LF
CETY ADMICLTTF s TCHE

ity of Allen §

GFFICE OF ADMINIETRATOR . :
$6850 BOUTHFIELD ROAD .a

ALLEN PARK, WMICHIGAN £8161 e
FHONE: @26-1800

June 17, 1887

¥r. Douglas A, Painter, Eanager

Ford Hotor Company ¥ining Department
3001 Miller Road

Dearborn, Michigan 48121

Re: “Contibgency {(Emergency) Flan®
Pord Hotor Hine

Tear ¥r. Painter:

I wish to thank you for your plan. It will become part of
the City Plan for Emergency Hanagement. :

For your information:

Emergency Management Coordinator is
Richard B. Buebler {City Administrstor)
16850 Southfield Road, Allen Park, MI £8101
Phone: 928-1400

Deputy Bmergency Hanagement Coordinator is
Carson C. Smith {Administrative Assistant}
iddress and phone pumber sbove

#- "Bnvirommental Inepector -
Ardyes Bennett (Building Inspector}
&4dress and phone pumber above

Eazardous Material Response
Raymond Bertoncelli {(Fire Chief)

€730 Roosevelt, Allen Park, HI 48101
Phone: 928-0024 :

Copies of your plan have been issuved to the concerned
parties. o '

Regpectfully,

Yeind . /Ui!é-‘ -

Richard A. Buebler
City Bdministrator

#AH:vag

-293. 01—






